We present the serendipitous ALMA detection of a faint submillimeter galaxy (SMG) lensed by a foreground z∼1 galaxy. By optimizing the source detection to deblend the system, we accurately build the full spectral energy distribution of the distant galaxy from the I814 band to radio wavelengths. It is extremely red, with a I-K colour larger than 2.5. We estimate a photometric redshift of 3.28 and determine the physical parameters. The distant galaxy turns out to be magnified by the foreground lens by a factor of ∼1.5, which implies an intrinsic K s -band magnitude of ∼24.5, a submillimeter flux at 870µm of ∼2.5 mJy and a SFR of ∼ 150 − 300M ⊙ /yr, depending on the adopted tracer. These values place our source towards the faint end of the distribution of observed SMGs, and in particular among the still few faint SMGs with a fully characterized spectral energy distribution, which allows us not only to accurately estimate its redshift, but also to measure its stellar mass and other physical properties. The galaxy studied in this work is a representative of the population of faint SMGs, of which only few objects are known to date, that are undetected in optical and therefore are not typically accounted for when measuring the cosmic star formation history (SFH). This faint galaxy population thus likely represents an important and missing piece in our understanding of the cosmic SFH. Its observation and characterization is of major importance to achieve a solid picture of galaxy evolution.
Introduction
The cosmic star formation history (SFH) is a key observable to understand galaxy evolution and constrain theoretical models. Since the seminal works of Madau et al. (1996) and Lilly et al. (1996) , much effort has been made to constrain its shape (see the review of Madau & Dickinson 2014) . The launch of Herschel and the advent of ALMA have allowed us to measure the cosmic SFH out to z ∼ 3 free of uncertain dust extinction corrections (e.g. Burgarella et al. 2013; Dunlop et al. 2016; Bouwens et al. 2016 , but see also Bourne et al. 2016 for a recent result based on SCUBA-2). However, because of limited ALMA observations (combined with its small field of view) and confusion in the farinfrared (FIR) images, at high redshift we still mostly rely on the Send offprint requests to: P.
Santini, e-mail: paola.santini@oa-roma.inaf.it rest-frame UV observations, which must be corrected for dust absorption. Nevertheless, at the peak of the cosmic star formation (SF) activity, the power emitted by young stars in the IR (through dust reprocessing) is an order of magnitude higher than that emitted in the UV (Madau & Dickinson 2014; Dunlop et al. 2016) . Incorrect dust corrections could result in an incorrect overall picture of the SFH of the Universe (e.g. Castellano et al. 2014) .
Another serious issue affecting the measure of the cosmic SFH is whether our census is complete. In other words, are we counting all star-forming galaxies? Or are we missing a fraction of them? Observational evidence seems to point towards the latter scenario (see e.g. the two extremely red galaxies found by Caputi et al. 2014 or the HIEROs galaxies presented by Wang et al. 2016) . Most of our knowledge is based on galaxies selected in the UV, optical, or near-IR (submm and mm samples are also available, but they are highly incomplete, see Casey et al. 2014 for a collection of results from the literature). However, according to Viero et al. (2013) , K-detected galaxies account for only ∼70% of the submillimeter background (but see also Viero et al. 2015 , who claimed that most of it, if not all, can be accounted for by low-mass sources). Since ∼95% of the submillimeter background is contributed by dusty star-forming galaxies, it is very likely that we are missing a substantial contribution to the cosmic SFH. As candidates for the missing fraction, Viero et al. (2013) indicated low-mass faint sources and dust-obscured galaxies. Identifying galaxies undetected in the optical/near-IR bands is also extremely important to address the still open issue regarding the missing mass (the observed stellar mass is lower than what is obtained by integrating the SFH at z 2 − 3; e.g. Santini et al. 2012 , Madau & Dickinson 2014 , Grazian et al. 2015 .
A population of IR bright galaxies that are often undetected at optical/near-IR wavelengths are the so-called submillimeter galaxies (SMGs, e.g. Hughes et al. 1998; Chapman et al. 2005; Greve et al. 2005; Pope et al. 2006; Tacconi et al. 2008 ), a heterogeneous (Magnelli et al. 2012; da Cunha et al. 2015) population of massive (10 10 − 10 11 M ⊙ ), strongly star-forming, heavily dust-obscured galaxies historically selected from their submm flux. They contribute substantially to the cosmic SFH at z ∼ 2−3 (Chapman et al. 2005; Michałowski et al. 2010a) and are responsible for almost the entire dust-obscured SF (Barger et al. 2012; Casey et al. 2013 Casey et al. , 2014 .
The brightest SMGs, making hundreds or thousands of solar masses per year, are quite rare and their overall contribution to the cosmic SFH is modest (e.g. Le Borgne et al. 2009; Béthermin et al. 2011; Swinbank et al. 2014) . Typically, observed SMGs have submm fluxes higher than a few mJy (e.g. S 860µm >3 mJy for the SMA survey of Barger et al. 2012 in GOODS-N, or S 870µm >4.4 mJy for the LESS survey with the LABOCA camera in the ECDF, Weiß et al. 2009 ), although a significant fraction of them has been resolved into multiple sources by ALMA observations (ALESS survey, Hodge et al. 2013 ). However, the SMG population is dominated by fainter sources (see Casey et al. 2014 and references therein, Dunlop et al. 2016 ). According to Ono et al. (2014) , faint SMGs, defined as having 1.2 mm fluxes between 0.1 and 1 mJy and SFRs between 30 and 300 M ⊙ /yr, contribute nearly half of the submm extragalactic background (with the other half being accounted for by even fainter sources). Moreover, their contribution to the SFH is at least as much as that of bright (S 870µm >4 mJy) SMGs (Yamaguchi et al. 2016) . However, despite their abundance and significant levels of SF, many faint SMGs may not be included in the cosmic SFH, as they are undetected at shorter wavelengths (Hsu et al. 2016) . Yamaguchi et al. (2016) estimated that the contribution of these optically undetected galaxies to the infrared SFH at 0.9 < z < 3.6 can be as large as 10%. A thorough investigation of this elusive population is therefore of major importance for completing the census of star-forming galaxies and reaching a full understanding of galaxy evolution.
Faint SMGs are being detected thanks to ALMA capabilities (Ono et al. 2014; Yamaguchi et al. 2016; Dunlop et al. 2016; Fujimoto et al. 2016; Oteo et al. 2016) and to amplification of their flux through gravitational lensing effects (Chen et al. 2014; Hsu et al. 2016) . Gravitational lensing has recently been revealed to be a very powerful tool to detect sources below the sensitivity limit of current instrumentation (e.g. Treu 2010; van der Wel et al. 2013; Amorín et al. 2014; Watson et al. 2015; Vanzella et al. 2016; Castellano et al. 2016 ).
Although faint SMGs are being observed, a full (opticalto-submm) spectral energy distribution (SED) characterization of these sources is still missing, with few exceptions da Cunha et al. 2015; Dunlop et al. 2016; Bouwens et al. 2016; Yamaguchi et al. 2016; Koprowski et al. 2016 , especially in the deepest fields like the HUDF) . We present here a serendipitous ALMA detection of a lensed, optically undetected z∼3.3 faint SMG (demagnified flux S 870µm ∼2.5 mJy, intrinsic SFR of ∼ 150 − 300M ⊙ /yr), amplified by a z∼1 galaxy, with full characterization of its SED. Galaxies like this one are typically not included in the census of star-forming galaxies. This work is an attempt to uncover the physical properties of this elusive, but important, class of sources by adding one representative to the still sparse population of known faint, dusty, star-forming galaxies.
The paper is organized as follows. In Sects. 2 -4 we describe the target identification, the ALMA observations and how we measure the photometry in the optical and near-infrared (NIR) bands. In Sect. 5 we present the physical properties of the studied source. Finally, in Sect. 6 we discuss and summarize our results. In the following, we adopt the Λ-CDM concordance cosmological model (H 0 = 70 km/s/Mpc, Ω M = 0.3 and Ω Λ = 0.7) and a Chabrier (2003) IMF. All magnitudes are in the AB system.
Target identification
The faint SMG studied in the present work was detected serendipitously by analysing a sample of sources in the COSMOS field in detail (Scoville et al. 2007 ) that shows a very high dust mass compared to their stellar mass. Stellar masses were computed by performing a standard SED fitting with Bruzual & Charlot (2003) templates assuming exponentially declining SF histories (see details in Table 1 of Santini et al. 2015 , method 6a τ ) on the photometry from the UltraVISTA-DR1 K s -selected catalogue of Muzzin et al. (2013) (30 photometric bands). Dust masses were inferred by using the Draine & Li (2007) model (with the same technique as adopted by Santini et al. 2014) to fit the MIPS 24µm (Le Floc'h et al. 2009 ) and Herschel photometry from the PEP (Lutz et al. 2011) and HerMES (Oliver et al. 2012 ) surveys with PACS and SPIRE instruments, respectively (see Lutz et al. 2011, and Berta et al. 2011 for a description of PACS catalogues and Roseboom et al. 2010, and Roseboom et al. 2012 for SPIRE catalogues, both based on prior knowledge of 24µm positions).
In particular, we focused our attention on a galaxy at spectroscopic redshift of z=1.1458 (from the Nov. 2015 zCOS-MOS release, Lilly et al. 2009 ), located at RA=10:01:38.48 DEC=+02:37:35.03, with logM star /M ⊙ =10.3 and an apparent logM dust /M ⊙ =9.7, which happened to be observed by ALMA. While such high dust-to-stellar mass ratios have been observed by a previous study (Pappalardo et al. 2016) , ALMA observations demonstrate that at least part of the FIR flux is associated with a different source, 2 arcsec apart from the optically detected galaxy, located at RA=10:01:38.547 DEC=+02:37:36.70, which was undetected in the Muzzin et al. (2013) catalogue and even in the recent catalogue by Laigle et al. (2016) that is based on the UltraVISTA-DR2 data release.
In the following, we refer to these two galaxies as the optically detected and the ALMA-detected source, respectively. The latter will also be referred to as SMG, using the purely observational definition of the term.
ALMA observations and data analysis
ALMA archival observations of this sky region were carried out as part of the Cycle 2 project 2013.1.00034.S (PI N. Scoville), split into two runs (2014 July and December). The 12 m antennae (32 and 39) were distributed in compact configuration, with baselines ranging from ∼150 m to 1.09 km. The spectral configuration covered a 8 GHz band centred around 343.463 GHz (Band 7). Each of the four 2 GHz spectral windows was sampled in 128 channels. The on-source integration time was 242 seconds. As bandpass calibrators, J1058+0133 and J0825+0309 were observed for the runs in July and December, respectively. The flux calibrators were Titan and J1037-295, respectively. J1010-0200 and J1008+0621 were used as phase calibrators. The phases were centred at the position of the optically detected source described in the previous section.
Observations were calibrated using the CASA pipeline version number 31667 (Pipeline-Cycle2-R1-B). The field was imaged using the clean task of CASA down to 0.3 mJy (∼2-3× the thermal noise) with mode 'mfs' (Rau & Cornwell 2011) and weight 'briggs', using CASA version 4.5.1. The RMS is 0.14 mJy/beam and the beam has a size of 0.54×0.37 arcsec and a position angle of -77.92 deg. The continuum image is shown in Fig. 1 .
A very bright source, well above the 20σ level, is clearly visible 2 arcsec apart from the position of the optically detected galaxy, at RA=10:01:38.547 DEC=+02.37.36.70. We note that the distance between the two sources cannot be explained by ALMA astrometric accuracy 1 , which, for our source, is of the order of a few 10 −2 arcsec (see also Dunlop et al. 2016) . As a further confirmation, we checked that the astrometric uncertainty on the position derived from the maps of the phase calibrators is lower than 10 −2 arcsec. Finally, the ALMA position is consistent with the VLA position of a radio-identified source (see Fig. 2 and Sect. 5).
To avoid being affected by issues associated with the cleaning process, we measured the flux directly on the visibilities using the uvmodelfit task of CASA, assuming a Gaussian model. The integrated flux over the source is 3.90 ± 0.41 mJy (we added 10% of the flux in quadrature to the RMS to take the error in the calibration into account). The semimajor axes are 0.24 ± 0.04 and 0.21 ± 0.06 arcsec. Similar results are obtained when fitting a Gaussian source on the image and then deconvolving from the synthesized beam.
This source corresponds to galaxy ID=288391 of Scoville et al. (2016) . However, they associated the ALMA flux with the optical galaxy (see their Table B1 ) and measured the flux on an aperture of up to 2.5" radius centred on the galaxy position. This explains the different flux reported by them.
Optical and near-infrared photometry
To measure the redshift and physical properties of the ALMA source, we extracted the photometry from the UltraVISTA-DR3 Y, J, H, K s bands (McCracken et al. 2012) , from the HST I814 band (Koekemoer et al. 2007) , and from IRAC 3.6, 4.5, 5.0, 8.0µm bands (Sanders et al. 2007) .
As first step, we built the PSF of each image. For UltraVISTA and HST we used a sample of bright, unsaturated stars. For IRAC, the PSFs were obtained from synthetic instrument PSFs in the different channels taking into account the con- Secondly, for all bands we calibrated the RMS map and the background by injecting fake sources in empty areas of the images as described in Merlin et al. (2016) .
We performed source detection for the ALMA-detected galaxy on the K s band, where the faint source can be identified by visual inspection. This band provides the best compromise between source brightness and image resolution and allows us to separate the ALMA source from the close-by optically bright extended galaxy. Detection is obtained with SExtractor (Bertin & Arnouts 1996) after optimizing the relevant parameters in order to segment the area around our source in the most effective way while keeping the two sources as separated.
Since the faint source lies on the tail of the brighter closeby galaxy, the flux estimated by SExtractor may be contaminated. Therefore, we estimated the total flux in all UltraVISTA bands by adopting T-PHOT 2 (Merlin et al. 2015) on an area of 60x60 arcsec, thus taking into account the effect of source confusion. We adopted the I814 cutouts as high-resolution priors of the source light distribution, except for the ALMA-detected galaxy that is undetected in the I814 image (see below). For this source, we assumed a point-like object at the position detected by SExtractor on the K s -band image. From the PSFs, we built convolution kernels between the I814 and the UltraVISTA bands. These kernels were fed to T-PHOT to extract templatefitting photometry.
We used a similar technique for the IRAC bands, where the two sources are highly blended, but used K s -band cutouts as priors.
To measure the total HST I814 flux, we first calculated a convolution kernel by matching the I814 and the K s -band PSFs. We then built a version of the I814 image matched to the image in K s band, on which we ran SExtractor. We finally scaled the K s -band We find that the ALMA source is well detected in all NIR bands, with a S/N of ∼10, ∼16, ∼8 and ∼12 in the H, K s , IRAC CH1 and CH2 bands, respectively, ∼6 and ∼4 in Y and J, and ∼2-3 in CH3 and CH4, while in the I814 band we obtain a 1σ upper limit at AB∼26.6. The measured fluxes for both galaxies are given in Table 1 .
We show in Fig. 2 the postage stamps, in all available images from I814 to radio wavelengths, where the ALMA and the optical source are indicated. The ALMA-detected galaxy is not evident in a by-eye inspection on the Y and J bands, possibly because of blending with the brighter object, despite the relatively high S/N of the detection. We therefore checked the covariance index estimated by T-PHOT, that is, the ratio of the maximum covariance to the variance of the object itself. As discussed in Merlin et al. (2015) , the covariance index gives an idea of the reliability of the fit, with strongly covariant objects (covariance index ∼ 1) that might be affected by systematics. The covariance indexes for the Y and J bands are of the order of 10 −2 , indicating that the fit is reliable and the blending is not extreme and does not strongly affect the photometric uncertainty. Our detection is deeper than what is expected on the basis of the limiting aperture magnitudes of the images reported by the documentation attached to the UltraVISTA-DR3. This is possible since T-PHOT estimates the photometry by weighting the source central region more than the external (noisier) parts, at variance with an aperture photometry giving equal weight to the entire extension of the source, thus allowing for a better S/N.
Physical properties
We fit the photometry from the I814 band to IRAC with the PEGASE 2.0 templates (Fioc & Rocca-Volmerange 1997) using our own code zphot.exe (Fontana et al. 2000; Santini et al. 2015) . We infer a photometric redshift of 3.28 (Fig. 3) . The adoption of the Bruzual & Charlot (2003) library (see below) instead of PEGASE 2.0 gives a very similar solution (z=3.25). Although the χ 2 curve is somewhat broad, a value for the photometric redshift between 3 and 3.5 is also confirmed by the starburst FIR-radio SED of Yun & Carilli (2002) , based on the location of the FIR peak (see below for a derivation of the FIR fluxes), while the lower and higher redshift solutions are excluded by the same template.
We note that the Y band scatters from the best fit by ∼2σ. We do not expect strong emission lines at the rest-frame wavelength corresponding to the observed Y band, unless the true redshift is inconsistent with the inferred photo-z χ 2 curve. Such a discrepancy between the observed flux and the best-fit template, as well as the broadness of the χ 2 curve, reflect the difficulty in measuring the photometry in these complex situations (a faint source on the tail of a bright one).
With the inferred best-fit redshift, we fit the same photometric bands with the Bruzual & Charlot (2003) library built by assuming exponentially decreasing SF histories and adopting the very same assumptions in terms of parameter grid, priors, etc. as detailed in Table 1 of Santini et al. (2015, see column named Method 6a τ ), except for the metallicity that cannot be supersolar. We obtain a stellar mass of ∼ 4 · 10 10 M ⊙ . The best fit is shown as a blue curve in Fig. 4 , and the best-fit parameters are given in Table 2 . Given the proximity of the two galaxies on the line of sight, it is impossible to properly deblend the MIPS and Herschel fluxes (the FWHMs range from ∼5 to ∼36 arcsec from 24µm to 500µm). To fully characterize the FIR-submm SED of the ALMA-detected SMG, we started from the tentative assumption that the 24µm emission (S 24µm = 233 ± 16 µJy) is completely associated with the optically detected source, as the MIPS image is not deep enough to detect galaxies at z ∼ 3. We assumed that the optical galaxy can be described by the Main Sequence template of Elbaz et al. (2011) , as confirmed by its best-fit stellar mass of ∼ 2·10
10 M ⊙ and SFR of ∼ 50M ⊙ /yr (the latter has been obtained by fixing this template to the observed 24µm flux and adding the unobscured component following Santini et al. 2009 ). We estimated the Herschel fluxes of the optically detected galaxy by The upside-down grey triangle shows the total 24µm flux of the blended system. The blue curve shows the best fit of the opticalto-NIR photometry with the Bruzual & Charlot (2003, BC03) library; the brownish curve is the best fit of all available bands with the SMG templates of Michałowski et al. (2010b) ; the red and orange curves are the fit of the ALMA flux to the average SMG templates of Michałowski et al. (2010b) and Pope et al. (2008) , respectively; the light green curve represents the best fit of the Draine & Li (2007) library to the Herschel and ALMA bands; finally, the dark green curve is the fit with a modified blackbody with emissivity index β = 2 to the 160µm-to-ALMA bands. See text for further details.
normalizing the Main Sequence template of Elbaz et al. (2011) to the 24µm flux and integrating on Herschel filters. By subtracting the obtained values from the Herschel photometry of the blended galaxy system and adding in quadrature an uncertainty of 35% on the model (see Elbaz et al. 2011) , we estimated the Herschel fluxes of the ALMA source. We then subtracted the 24µm flux predicted by fitting the Herschel+ALMA bands of the ALMA-detected galaxy with the Draine & Li (2007) templates from the total value and repeated the procedure, which converged after four iterations. The Herschel fluxes estimated for the ALMA-detected galaxy account for 51-69% of the total flux, depending on the band, while only less than 10% of the 24µm is attributed to it. Since the system is undetected at 100µm in the public Herschel catalogue, and this catalogue is cut at 3σ, we recomputed the photometry in this band with T-PHOT to infer a 1σ upper limit.
We can therefore build the full I814-to-submm SED of the ALMA source and fit it with the SMG library of Michałowski et al. (2010b) . The best-fit is shown as a brownish curve in Fig. 4 . The inferred total (8-1000 µm) IR luminosity, tracing the obscured SFR, is L IR = 6.02 · 10 12 L ⊙ . Since Herschel fluxes are estimated through an indirect procedure and through assumptions that are not necessarily verified, we verified that the result is unchanged if we exclude Herschel bands from the fit. Furthermore, we fit the ALMA flux with the average SMG templates of Michałowski et al. (2010b) and of Pope et al. (2008) (red and orange curves). These provide L IR of 3.27 · 10 12 L ⊙ and 4.44 · 10 12 L ⊙ , respectively. The dispersion of the above values is likely indicative of the uncertainties associated with the total IR luminosity. For this reason, we decided to adopt the mean value and standard dispersion as an estimate of the true L IR and its error bar. We obtain L IR = (4.57 ± 1.38) · 10 12 L ⊙ . The total SFR is computed by adding the obscured and unobscured components following the prescriptions adopted by Santini et al. (2009, see references therein) , calibrated to the adopted IMF:
where L UV = 1.5×L 2700Å is the rest-frame UV luminosity, uncorrected for extinction, derived from the optical-to-NIR SED fitting. We infer SFR IR+UV = 463±137M ⊙ /yr. As expected for this type of sources, the obscured component (SFR obsc /M ⊙ yr −1 = 10 −10 · L IR /L ⊙ ) strongly dominates the total SFR (∼99%). Moreover, the total SFR obtained from the UV and IR emission is higher than what is obtained by correcting the opticalto-NIR emission for dust extinction (SFR SEDfit = 121M ⊙ /yr, although with a huge uncertainty, inferred from the same fit to derive the stellar mass), confirming the necessity of measuring the dust-enshrouded SFR to achieve an unbiased view of the cosmic SFH, especially at these redshifts (see e.g. Santini et al. 2009 ).
In the 20 cm VLA catalogue of Bondi et al. (2008) we found a radio counterpart of our faint SMG at RA=10:01:38.558, DEC=+02:37:36.85, consistent with the ALMA position. By adopting the prescriptions of Barger et al. (2012) , the radio flux of 64 ± 11 µJy translates into an SFR estimate of 237 ± 41M ⊙ /yr. According to Bell (2003) , the scatter in the FIR-radio correlation, upon which the derivation is based, implies an uncertainty of a factor of 2 in the resulting SFR.
To search for an additional probe of the SFR, we looked for X-ray counterparts in the Chandra catalogue of Civano et al. (2016) but found none. Given the limiting depth of this catalogue, a non-detection implies a 0.5-10 keV flux lower than 8.9 × 10 −16 erg cm −2 s −1 . Finally, the fit with Draine & Li (2007) templates (light green curve in the figure) gives a dust mass of M dust = 1.12 +0.16 −0.08 · 10 9 M ⊙ , while the fit with a modified blackbody (dark green curve) with emissivity index β = 2 and absorption cross section per unit dust mass at 240µm of 5.17 cm 2 /g (Li & Draine 2001; Draine & Lee 1984) gives M dust = 5.97 +0.13 −0.12 · 10 8 M ⊙ and T dust = 37 +4 −3 K (the 100µm band is not used in the fitting to avoid contamination from a hotter component, Magnelli et al. 2010) . The dust mass agrees with what is inferred from the model of Draine & Li (2007) after considering the scaling factor of ∼1.5. Indeed, the attempt of reproducing the Wien side and at the same time the Rayleigh-Jeans side of the modified blackbody spectrum (instead of fitting a multi-temperature grain distribution) has the effect of overestimating the dust temperature and hence underestimating the dust mass, which is inversely proportional to the blackbody intensity (Santini et al. 2014 and references therein; Berta et al. 2016) . The best-fit temperature is in very good agreement with the values 38 +15 −5 and 43 ± 10 K found by da Cunha et al. (2015) on the optically bright (they defined the subsample of SMGs detected in at least four optical/NIR bands as "optically bright"; considering the different depth of the photometry used in the two works, our source would be classified as optically bright according to their criterion) and z>2.7 subsamples, respectively. As done for the SFR, we also computed the dust mass from the ALMA flux only by assuming a temperature of ∼40K and obtained M dust = 5.04 ± 0.54 · 10 8 M ⊙ , confirming the robustness of the result independently of the Herschel photometry. The inferred values for the dust mass support the dust richness of SMGs with respect to their stellar content compared to local star-forming galaxies and ULIRGs (e.g. Santini et al. 2010; Lo Faro et al. 2013; Rowlands et al. 2014; Zavala et al. 2015) .
As a sanity check, we also fit the full SED of our source with CIGALE 3 (Noll et al. 2009 ), which provides a self-consistent estimate of the stellar mass, SFR and dust mass by accounting for the energy balance between dust absorption and re-emission. The Bayesian analysis gives M star = (4.92 ± 0.80) · 10 10 M ⊙ , SFR = (460 ± 48)M ⊙ /yr and M dust = (1.32 ± 0.29) · 10 9 M ⊙ (M star = (4.33 ± 0.85) · 10 10 M ⊙ , SFR = (366 ± 88)M ⊙ /yr and M dust = (2.21 ± 1.57) · 10 9 M ⊙ excluding Herschel bands), consistent with the values obtained above.
The physical properties inferred for the SMG studied in this work agree with those reported by da Cunha et al. (2015) for their sample of SMGs from the LESS survey (Weiß et al. 2009 ) observed by ALMA.
Discussion and conclusions
The z=3.28 SMG studied in the present work lies very close (2 arcsec) to the line of sight of a massive z∼1 galaxy (see Sect. 2). The flux of the background source is therefore likely to be boosted by gravitational lensing effects, a phenomenon quite common in the submillimeter (Negrello et al. 2010; Vieira et al. 2013; Weiß et al. 2013) .
The magnification factor arising from the lens has been estimated by modelling the lens as a singular isothermal sphere (Mason et al. 2015, and references therein) where the velocity dispersion is estimated via the rest-frame K-band Tully & Fisher (1977) relation inferred by Tiley et al. (2016) at z∼1 and divid- ing the rotation velocity by √ 2 (Kochanek et al. 2004 ). The estimated velocity dispersion for the lens is ∼209±20 km/s. The velocity dispersion scales with the dark matter mass in the system and so is the best indicator of the strength of the gravitational lens (Turner et al. 1984; Schneider et al. 2006; Treu et al. 2010) . The uncertainty in the Tully-Fisher relation gives rise to a distribution of magnification factors. The resulting distribution, shown in Fig. 5 , has a median value of µ = 1.40 +0.13 −0.08 . However, a singular isothermal sphere may not be the best model for this lens, which seems to be elongated along the SW-to-NE direction. According to Barone-Nugent et al. (2015) , a singular isothermal ellipsoid may be a more realistic parameterization. Despite more complicate calculations, they claimed that for low ellipticities (ǫ 0.2), as is the case of our source (SExtractor estimates ǫ = 0.18 on the I814 band), the magnification increases by ≃ 10% when the distant source is located in the direction of the lens' major axis. We therefore adopted a value of 1.54 as an estimate of the magnification factor.
A magnification factor of 1.54 implies that the intrinsic SFR of our SMG is between 154 and 300M ⊙ /yr (depending on the chosen SFR tracer), a value consistent with that of the population of faint SMGs that are important contributors to the cosmic SFH (Ono et al. 2014) . Most importantly, being undetected in optical, this galaxy is representative of the elusive dust-enshrouded star-forming population that is typically not included in the measured SFH (nor in the stellar mass density), even in a relatively well-studied and deeply observed field such as COSMOS. With an intrinsic K s -band magnitude of ∼24.5 and submm flux S 870µm ∼2.5 mJy, this source is a factor of 2 fainter than the knee of the differential number counts at 1.2 mm (Fujimoto et al. 2016 ) (based on extrapolation from the fits). In particular, this is one of the still few faint optically undetected SMGs (with an identified NIR counterpart) known to date with full SED characterization, which allows us not only to accurately estimate the redshift but also to measure its stellar mass and other physical properties (see e.g. da Cunha et al. 2015 for a similar SED characterization of the ALESS SMGs). It adds one member to the still sparse population of known faint, dusty, star-forming galaxies.
Do the SF properties of the faint SMG studied in this work resemble those of "normal" star-forming galaxies or those of extreme starbursts? To answer this question, we first consider the physical size of our source. At z = 3.28, the size measured on ALMA data translates into a physical size of 1.8 × 1.6 kpc. This value is perfectly consistent with the average size inferred by Hodge et al. (2016) for a sample of 16 bright z∼2.5 ALESS SMGs, whose formation, according to the authors, may be due to major mergers. The measured size is larger than the ∼1 kpc size inferred by Simpson et al. (2015) and Ikarashi et al. (2015) for bright high-z SMGs, and smaller than 2.7 kpc, which is what is expected by extrapolating the results of van der Wel et al. (2014) for late-type galaxies at the redshift and stellar mass of our source. The compactness compared to normal star-forming galaxies is another indication that the properties of our faint SMGs resemble those of starbursts. Where is this source located with respect to the Main Sequence (Speagle et al. 2014 , and references therein) of starforming galaxies? By assuming the Main Sequence parameterization of Schreiber et al. (2015) (after converting stellar masses and SFRs from a Chabrier IMF into a Salpeter IMF by adding 0.24 dex, Santini et al. 2012, and 0.15 dex, Davé 2008, respectively) and that the Main Sequence/starburst separation criterion by Rodighiero et al. (2011) extends to z∼3, this galaxy would not be classified as a rare starburst, although it lies on the upper envelope of the Main Sequence (close to the region of starburst galaxies when the FIR-based SFR is adopted). However, its "starburstiness" R SB , defined as the ratio between the specific SFR (SSFR = SFR/M star ) and the SSFR of a galaxy of the same mass located on the Main Sequence (R SB = SSFR/SSFR MS , Elbaz et al. 2011 ) is between 2 and 3.8 (depending on the adopted SFR tracer). According to Elbaz et al. (2011) , starburstiness higher than 2 is indicative of a starburst nature. A dif-ferent criterion for distinguishing starbursts from normal Main Sequence galaxies is suggested by Tan et al. (2014) at high redshift (z > 4), based on the dust-to-stellar mass ratio: while this ratio is expected to rise out to z∼2.5 and then decrease for Main Sequence galaxies, starbursts are observed to be more dust-rich at high redshift, providing evidence of an early metal enrichment. The observed M dust /M star of our source is ∼0.03, in agreement with what has been observed by Tan et al. (2014) for starburst galaxies at similar redshift and above the average ratio for Main Sequence galaxies reported by Béthermin et al. (2015) . All this is consistent with the results of Yamaguchi et al. (2016) , who found that while four out of the five faint SMGs of their sample are located in the Main Sequence, the only source that is faint at optical and NIR wavelengths is a starburst galaxy.
Observing even more galaxies like the one studied in this work is of major importance to reach a full understanding of the population of faint SMGs in the early Universe and for better constraining the cosmic star formation history through a complete census of star-forming galaxies. Indeed, at these redshifts, the latter is so far almost completely and critically dependent on optical detections and dust corrections. The rapidly increasing number of observations carried out with ALMA, as well as the advent of JWST for their characterization, will be of great help in the near future.
